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Supplementary Figure 1: Model scale-freeness. (a) Automatically generated interaction graph using 
the R-package igraph [1]. The node size correlates with the z-score transformed total node degree of 
the nodes within the PanNET model. Colors depict pathway association - red = angiogenesis; purple 
= MAPK signaling; yellow = PI3K/AKT signaling; blue = mTORC signaling; grey = cell adhesion; 
green = cell cycle; white = multiple pathway associations. (b) Total node degree distribution of the 
PanNET model. (c) Input-degree distribution of the PanNET model. (d) Output-degree distribution of 
the PanNET model.
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Supplementary Figure 2: Stability assessement of the PanNETs model. One thousand randomly
drawn states of the HSC model were mutated by bit flip and their successor states were computed.
The successor states of the mutated and the original states were then compared using the normalized
Hamming distance (red line, intercept at 0.0149 ). The same analysis was performed for 1,000 randomly
generated networks of the same size (histogram). The blue line shows the 5% quantile (intercept at 0.0257
). The calculate p-value between the model and the randomly generated networks is below 0.05. Hence
the model is significantly more robust than noise.
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Supplementary Figure 3: Example of attractor interpretation and visualization. The interpretation of 
read-out phenotypes and their representation is presented based on the WT simulation of the PanNET 
model. Nodes used to interpret the PanNET model phenotypes are extracted from the attractor pattern 
(a). On the side of each node, the criteria for assigning the specific phenotypes are reported. The 
estimated basin sizes are reported under each attractor. In the attractor pattern, green boxes indicate 
activation, while dark purple ones indicate inactivation. The phenotype encoding is also exhaustively 
depicted in a tabular form (b). Phenotypes present in each attractor then are combined and weighted 
based on their basin of attraction (c). In the pie chart, 99% of the phenotype is represented by 
quiescence, represented by the single state attractor. Instead, the two cyclic attractors cover 1% of the 
basin connected to angiogenesis, detachment, and proliferation. The two combined phenotypes can 
be broken down independently into single phenotypes (d). Again percentages for each phenotype 
overall the attractor landscape corresponds to the estimated basins of attraction. In this case, overall the 
attractor landscape, 99% is represented by quiescence, while angiogenesis, detachment, and 
proliferation cover the 1%. This visualisation is considered more intuitive when comparing the effect of 
many perturbations on the attractor landscape.
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Supplementary Figure 4: Unperturbed attractor patterns of the PanNETs model. The attractor
landscape of the unperturbed (WT) PanNETs network is reported. Attractors are grouped based on
their matched phenotypes. Below each attractor the basin size is reported. Activities are reported in the
colored boxed. Here, green indicates active (1) and grey indicates inactive (0) genes/proteins.
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Supplementary Figure 5: DAXX loss attractor patterns of the PanNETs model. The attractor
landscape of the DAXX loss (DAXX KO) PanNET network is reported. Attractors are grouped based
on their matched phenotypes. Below each attractor the basin size is reported. Activities are reported in
the colored boxed. Here, green indicates active (1) and grey indicates inactive (0) genes/proteins.
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Supplementary Figure 6: TSC loss attractor patterns of the PanNETs model. The attractor landscape
of the TSC loss (TSC KO) PanNET network is reported. Attractors are grouped based on their matched
phenotypes. Below each attractor the basin size is reported. Activities are reported in the colored boxed.
Here, green indicates active (1) and grey indicates inactive (0) genes/proteins.
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Supplementary Figure 7: MEN1 loss attractor patterns of the PanNETs model. The attractor land-
scape of the MEN1 loss (MEN1 KO) PanNET network is reported. Attractors are grouped based on
their matched phenotypes. Below each attractor the basin size is reported. Activities are reported in the
colored boxed. Here, green indicates active (1) and grey indicates inactive (0) genes/proteins.
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Supplementary Figure 8: Workflow foreign classification. The structure of the foreign classification
experiments is depicted. (a). First two classes in a dataset are chosen to perform a linear classification.
A third class is left out, and represents the foreign class of the experiment. The latter is assigned to
one of the two classes, or both of them, based on the linear classification previously performed (lower
pannel). The workflow of the of a complete foreign classification experiment is depicted below, in pictorial
dataset composed of three classes (b). All classes in the are iteratively used in couples to perform the first
binary classification. Each foreign class is assigned based on the the first linear classification. Finally,
the results of the experiment are summarized graphically in an interaction graph, where the direction of
edges indicates the assignment of the foreign class to its assigned class. Numbers over the edges indicate
the assignment fraction of the foreign class in exam.
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Supplementary Figure 9: MEN1 and DAXX loss attractor patterns of the PanNETs model. The
attractor landscape of the MEN1 and DAXX loss (MEN1 & DAXX KO) PanNET network is reported.
Attractors are grouped based on their matched phenotypes. Below each attractor the basin size is
reported. Activities are reported in the colored boxed. Here, green indicates active (1) and grey indicates
inactive (0) genes/proteins.
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Supplementary Figure 10: Brief visualization for the disease driver screening. A toy model of the
disease driver screening strategy is depicted. First an attractor of interest is selected, in this case the
migration inducing one (left panel). The basin of attraction of the attractor of interest is then screened
and frequency of activities of each node is calculated (middle panel). Then, nodes whose frequency of
activities is higher or lower of one standard deviation are selected. Finally, the corresponding perturbation
is simulated and the attractor related phenotype is evaluated (right panel).
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Supplementary Figure 11: mTORC1 intervention attractor patterns in WT PanNETs. The attrac-
tor landscape of the mTORC1 intervention on the WT PanNET network is reported. Attractors are
grouped based on their matched phenotypes. Below each attractor the basin size is reported. Activi-
ties are reported in the colored boxed. Here, green indicates active (1) and grey indicates inactive (0)
genes/proteins.
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Supplementary Figure 12: mTORC1 intervention attractor patterns in DAXX loss PanNETs. The
attractor landscape of the mTORC1 intervention on the DAXX loss PanNET network is reported. At-
tractors are grouped based on their matched phenotypes. Below each attractor the basin size is reported.
Activities are reported in the colored boxed. Here, green indicates active (1) and grey indicates inactive
(0) genes/proteins.
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Supplementary Figure 13: mTORC1 intervention attractor patterns in TSC loss PanNETs. The
attractor landscape of the mTORC1 intervention on the TSC loss PanNET network is reported. Attrac-
tors are grouped based on their matched phenotypes. Below each attractor the basin size is reported.
Activities are reported in the colored boxed. Here, green indicates active (1) and grey indicates inactive
(0) genes/proteins.
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Supplementary Figure 14: mTORC1 intervention attractor patterns in MEN1 loss PanNETs. The
attractor landscape of the mTORC1 intervention on the MEN1 loss PanNET network is reported. At-
tractors are grouped based on their matched phenotypes. Below each attractor the basin size is reported.
Activities are reported in the colored boxed. Here, green indicates active (1) and grey indicates inactive
(0) genes/proteins.
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Supplementary Figure 15: mTORC1 and mTORC2 intervention attractor patterns in WT PanNETs.
The attractor landscape of the mTORC1 and mTORC2 intervention on the WT PanNET network is
reported. Attractors are grouped based on their matched phenotypes. Below each attractor the basin
size is reported. Activities are reported in the colored boxed. Here, green indicates active (1) and grey
indicates inactive (0) genes/proteins.
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Supplementary Figure 16: mTORC1 and mTORC2 intervention attractor patterns in DAXX loss
PanNETs. The attractor landscape of the mTORC1 and mTORC2 intervention on the DAXX loss
PanNET network is reported. Attractors are grouped based on their matched phenotypes. Below each
attractor the basin size is reported. Activities are reported in the colored boxed. Here, green indicates
active (1) and grey indicates inactive (0) genes/proteins.
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Supplementary Figure 17: mTORC1 and mTORC2 intervention attractor patterns in TSC loss Pan-
NETs. The attractor landscape of the mTORC1 and mTORC2 intervention on the TSC loss PanNET
network is reported. Attractors are grouped based on their matched phenotypes. Below each attractor
the basin size is reported. Activities are reported in the colored boxed. Here, green indicates active (1)
and grey indicates inactive (0) genes/proteins.
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Supplementary Figure 18: mTORC1 and mTORC2 intervention attractor patterns in MEN1 loss
PanNETs. The attractor landscape of the mTORC1 and mTORC2 intervention on the MEN1 loss
PanNET network is reported. Attractors are grouped based on their matched phenotypes. Below each
attractor the basin size is reported. Activities are reported in the colored boxed. Here, green indicates
active (1) and grey indicates inactive (0) genes/proteins.
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Supplementary Figure 19: Basin distribution analysis based on attractors. The basin distribution
of the 14 attractors of the MEN1 loss condition is reported above. The abundance of an attractor in
the basin was evaluated for 1000 (1k, in green), 10,000 (10k, in blue), 100,000 (100k, in purplr), and
1,000,000 (1M, in yellow) randomly drawn starting states. The evaluation has been performed three
times for each initial condition. Standard deviations are reported in as bars in the graphs and the height
of the histogram represents the means. The initial sampling of starting states does not significantly affect
the basin distributions of the attractor landscape.
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Supplementary Figure 20: Basin distribution analysis based on grouped phenotypes. The basin
distribution of the four retrieved phenotypes of MEN1 loss condition is depicted above. The abundance
each in the basin was evaluated for 1000 (1k, in green), 10,000 (10k, in blue), 100,000 (100k, in purplr), and
1,000,000 (1M, in yellow) randomly drawn starting states. Attractors matching the reported phenotypes
were summed up in their basin abundance. The evaluation has been performed three times for each initial
condition. Standard deviations are reported in as bars in the graphs and the height of the histogram
represents the means. The initial sampling of starting states does not significantly affect the basin
distributions of the final evaluated phenotypes.
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Supplementary Figure 21: Alternative equally possible solutions for the multi-class classification
experiment (dataset GSE7117851). Alternative solutions depend on the presence of equally voted classes
during the majority vote procedure for the experiment. The alternative matrices depicting all possibile
solution of the multi-class classification experiment are depicted above. Each cell of the matrix reports
the probability of a certain group to be assigned to the corresponding one in the matrix. Color intensities
(here blue filled boxes) reflect these probabilities, where the higher the probability the more intense the
color.
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Supplementary Table 2: List of details on the model components.

Node Name Compartment Function
VEGF vascular endothelial growth factor extracellular growth factor
VEGFR vascular endothelial grwoth factor re-

ceptor
plasma membrane signal transduction

ARF1 ADP ribosylation factor 1 cytosol small GTPase/ membrane trafficking
IGF1 insulin like growth factor 1 extracellular growth factor
IGFR insulin like growth factor 1 plasma membrane signal transduction
IRS insulin receptor substrate cytosol signal transduction
PI3K phosphatidylinositol 3-kinase cytosol kinase
PTEN phosphtase and tensin homolog cytosol phosphatase
AKT AKT serine/threonine kinase cytosol kinase
NEK2 NIMA related kinase 2 cytosol kinase
mTORC2 mechanistic target of rapamycin ki-

nase complex 2
cytosol kinase

GLI1 GLI family zinc finger 1 nucleus ttranscription factor
GSK3B glycogen synthase kinase 3 beta cytosol kinase
PP2A protein phopsphatase 2A cytosol phosphatase
CIP2A cellular inhibitor of PP2A cytosol phosphatase inhibitor (binding)
RAS rat sarcoma cytosol GTPase/ signal transduction
RAF raf proto-oncogene cytosol kinase
MEK mitogen activated protein kinase ki-

nase
cytosol kinase

ERK mitogen activated protein kinase cytosol kinase
RSK ribosomal protein S6 kinase cytosol kinase
TSC TSC complex cytosol signal transduction
mTORC1 mechanistic target of rapamycin ki-

nase complex 1
cytosol kinase

S6K ribosomal protein S6 kinase B1 cytosol kinase
AMPK protein kinase AMP-activated nucleus kinase
REDD DNA damage inducible transcript cytosol signal transduction
TP53 tumor protein p53 nucleus & cytosol transcription factor
MDM2 MDM2 proto-oncogene nucleus & cytosol E3 ubiquitin-protein ligase
4E-BP1 eukaryotic translation factor 4E bind-

ing protein 1
cytosol repressor of translation initiation

eIF’s eukaryotic translation initiation factor
4E

cytosol activator of protein synthesis

STAT3 signal transducer and activator of
transcription 3

cytosol & nucleus signal transduction & transcription
factor

HIF1 hypoxia inducible factor 1 cytosol & nucleus transcription factor
FOXO1 forkhead box O1 cytosol & nucleus transcription factor
FOXO3 forkhead box O3 cytosol & nucleus transcription factor
SLUG1 snail family transcription repressor 2 nucleus transcription factor
CDH1 E-cadherin plasma membrane cell adhesion
MYC MYC proto-oncogene nucleus transcription factor
RASSF1A Ras association domain family mem-

ber 1
nucleus & cytosol signal transduction

MEN1 menin 1 cytosol & nucleus transcriptional factor
p27 cyclin dependent kinase inhibitor 1B nucleus & cytosol CDK inhibitor
p18 cyclin dependent kinase inhibitor 2C nucleus & cytosol CDK inhibitor
p21 cyclin dependent kinase inhibitor 1A nucleus & cytosol CDK inhibitor
CCND1 cyclin D1 nucleus kinase complex
RB RB transcriptional corepressor nucleus signal transduction
E2F E2F transcription factor nucleus transcription factor
CCNE1 cyclin E1 nucleus kinase complex
DAXX death domain associated protein cytosol & nucleus transcription factor
ET1 endothelin 1 cytosol membrane trafficking
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SKP2 S-phase kinase associated protein 3 cytosol & nucleus E3 ubiquitin-protein ligase
FAK1 protein tyrosine ligase cytosol kinase
RAC1 rac family small GTPase 1 cytosol cell adhesion
IQGAP IQ motif containing GTPase activat-

ing protein 1
cytosol & plasma
membrane

cell adhesion

PDX1 pancreatic and duodenal homeobox 1 nucleus transcription factor
SETD7 SET domain containing 7 nucleus histone methyltransferase
AP1 AP1 transcription factor nucleus transcription factor
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Supplementary Table 4: Model validation. The activity levels of model compounds compared to
literature descriptions or gene expression datasets. This table is the reference for Figure 5 of the main.

Pathway Node Model-based activity Validation
Angiogenesis VEGF active [205, 206]
Angiogenesis VEGFR active [205, 206]
Angiogenesis & cell cycle HIF1 partially active [205]
Angiogenesis & MAPK signaling ARF1 active [207]
MAPK signaling FAK1 active [208]
MAPK signaling RAF constant [209, 210]
MAPK signaling ERK partially active [211]
MAPK signaling NEK2 partially active [212, 213]
MAPK signaling & PI3K/AKT signaling GLI1 active [102]
MAPK signaling & PI3K/AKT signaling IGF active [214]
MAPK signaling & PI3K/AKT signaling IGFR active [215, 216]
MAPK signaling & PI3K/AKT signaling PP2A inactive [33]
MAPK signaling & PI3K/AKT signaling CIP2A active [214]
PI3K/AKT signaling PI3K active [217]
PI3K/AKT signaling AKT active [211, 208, 218, 219]
PI3K/AKT signaling PTEN constantly inactive [220, 221]
PI3K/AKT signaling GSK3B inactive [222, 223]
PI3K/AKT signaling FOXO1 inactive [224]
PI3K/AKT signaling FOXO3 inactive [225]
PI3K/AKT signaling & cell cycle RASSF1A inactive [226, 227]
Cell cycle MDM2 partially active [228, 229]
Cell cycle TP53 constant [228, 229]
Cell cycle MYC active [230, 231]
Cell cycle MEN1 inactive [232, 233]
Cell cycle p27 inactive [234, 235]
Cell cycle p21 inactive [236]
Cell cycle p18 inactive [234]
Cell cycle CCND1 active [211, 237]
Cell cycle RB inactive [238]
Cell cycle E2F active [214]
Cell cycle CCNE1 active [214]
Cell cycle DAXX inactive [239]
mTORC signaling mTORC1 active [240]
mTORC signaling TSC inactive [220]
mTORC signaling mTORC2 constant [240]
mTORC signaling STAT3 partially active [241]
Cell adhesion CDH1 partially active [214]
Cell adhesion & cell cycle CTNNB1 active [242]
Cell adhesion & cell cycle SLUG active [221, 243]
Cell adhesion & cell cycle PDX1 partially inactive [244, 245]
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